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Abstract

Background: Multiple sclerosis is a chronic inflammatory disease affecting both white and gray matters of the
central nervous system. It has been approved that the degree of gray matter involvement is closely associated with
the degree of physical disability and the extent of cognitive impairment. Thus, it is necessary to incorporate widely
available simple methods for neurocognitive evaluation and gray matter detection in the periodic assessment of
MS patients that will influence treatment decisions.

Objectives: To assess the correlation of cortical lesions of multiple sclerosis (MS) at double inversion recovery (DIR)
with cognition screening scores

Methods: This study was conducted on 30 patients with MS with an average age of 31.3+13.6 years. All of them
underwent MRI and clinical assessment with the calculation of Expanded Disability Status Scale (EDSS), Montreal
Cognitive Assessment (MoCA), and Symbol Digit Modality Test (SDMT) scores. The image analysis was performed by
2 reviewers for cortical lesion number, shape, and subtypes, and total lesion load.

Results: Both MoCA and SDMT scales had a significant inverse correlation with cortical lesions number (r=— 0.68, —
0.72) respectively and total lesion load (r=— 0.53, — 0.65) respectively. Besides, there was a significant inverse
correlation between the MoCA test, varied cortical subtypes: leukocortical, juxtacortical, and intracortical subtypes (r
=— 063, — 056, — 0.52) respectively, and different cortical lesion shapes: oval, wedge, and curvilinear shaped (r = —
0.62, — 0.69, — 0.49) respectively. As well, the SDMT scale showed a significant inverse correlation with varied
cortical subtypes: intracortical, leukocortical, and juxtacortical subtypes (r = — 0.63, — 0.61, — 0.57) respectively, and
different cortical lesion shapes: oval, curvilinear, and wedge shaped (r = — 0.61, — 0.59, — 0.46) respectively.
Interestingly, there was an excellent inter-observer correlation of cortical lesion number (r = 0.96), total lesion load (r
= 0.95), subtypes of cortical lesion (r = 0.94), and cortical lesion shapes (r = 0.77).

Conclusion: We concluded that DIR can detect cortical lesions of MS, and MRI findings were well-correlated with
cognitive dysfunction in these patients.
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Introduction

Multiple sclerosis (MS) is a chronic demyelinating and
neurodegenerative disease of the central nervous system
which strikes young adults and imposes major burdens
on their lives through physical disability and cognitive
deficit [1, 2]. Cortical lesions in MS are classified patho-
logically according to their location into subpial, purely
intracortical, leukocortical, and pancortical lesions [3].
Besides, it has been proven that these cortical lesions are
specific for MS [4, 5]. Therefore, the most recent revi-
sions of McDonald’s criteria, issued in 2017, have incor-
porated these lesions into MS diagnostic criteria to
demonstrate dissemination in space [6]. The gray matter
pathology plays a major role in cognitive impairment [7].
Cognitive impairment reveals a significant correlation
with physical disability accumulation [8]. Inclusion of
neurocognitive evaluation and gray matter detection in
the periodic assessment of MS patients is mandatory to
detect patients at increased risk of secondary progression
that will influence treatment decisions regarding disease-
modifying drugs and rehabilitation therapy [9]. Neuro-
cognitive screening tests such as Montreal Cognitive As-
sessment (MoCA) and Symbol Digit Modality Test
(SDMT) are easy to assess cognitive status in MS pa-
tients [10, 11]. Moreover, double inversion recovery
(DIR) is a common MRI pulse sequence that is proven
to be superior to FLAIR sequence in detecting MS le-
sions in different locations especially cortical, periven-
tricular, and infratentorial regions [12]. It is designed to
suppress the signal of surrounding white matter and
cerebrospinal fluid (CSF) allowing the detection of gray
matter lesions especially cortical lesions [13, 14].

Methods

This is a cross-sectional study that was conducted
upon MS patients admitted at our neurology depart-
ment from May 2017 to June 2018. The study was
conducted upon 34 MS patients meeting revised 2017
McDonald’s criteria [6]. This study included only 30
MS patients while 4 patients were excluded from
older patients who were over 50years (n = 2) and
illiterate patients (1 = 2). The research assessment of
patients was performed by one neurologist (SS) with
4 years’ experience in clinical practice. Physical dis-
ability was assessed by EDSS [15]. While the Brief
International Cognitive Assessment in MS (BICAMS)
is the established approach for screening for cognitive
impairment in MS, the authors of our study preferred
to use the highly sensitive cognitive screening tools
(MoCA and SDMT), as they are more broadly applic-
able in the outpatient clinic, briefer to administer,
and easier to score than BICAMS with a single value
cut point to determine impairment. MoCA is a short
test of 30 points that evaluates 8 cognitive domains,
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including visuospatial abilities, executive functions,
naming, attention, language, abstraction, short-term
memory, and orientation. The score is a total of the
earned points with the cutoff score of less than 26
and 19 indicate mild cognitive impairment (MCI) and
dementia, respectively; people whose education is 12
years or less obtained an extra point [16, 17]. SDMT
is used to assess information processing speed; it con-
sists of a sheet of paper with, at the top, a sequence
of nine symbols and nine corresponding numbers.
The task sequence consists of a series of digits, each
with a blank space underneath. The subject should
rapidly match numbers to abstract symbols using a
key. The total duration should not exceed 90s. The
raw score is the total of correctly answered items
with a cutoff Z-score of less than 7 [18]. The MR im-
aging examinations were performed on a 1.5-Tesla
machine (Achieva; Philips Medical Systems, Best,
Netherlands). All patients were examined in the su-
pine position using the head coil. Routine images (T1,
T2, FLAIR) and DIR were done to all patient: repeti-
tion time (TR) 9583 s, echo time (TE) 25s, inversion
time (TI) 3400s, IR delay 325s, echo train length
(ETL) 17, 50 contiguous axial slices, thickness 3 mm,
matrix size 240x 142 mm?, the field of view (FOV)
230x 184 mm?* Image analysis was performed by 2
observers: one neurologist (SS) (observer 1) with 4
years’ experience and one neuro-radiologist (AA) (ob-
server 2) with 20 years’ experience who were blinded
to patient identity. On DIR images, particular atten-
tion was devoted to identifying artifacts. Cortical le-
sions were identified on DIR using the corresponding
FLAIR images as a reference. First, cortical lesions
were defined as those lesions involving the cortex
with or without extension to the underlying subcor-
tical WM, and their total number [19] was counted.
Then, these lesions were categorized according to
their shapes into an oval, curvilinear, and wedge
shaped [20] and their locations into three subtypes
including purely intracortical (IC) in which there was
no obvious evidence of white matter involvement, leu-
kocortical (LC) where most of the lesion volume was
intracortical with clear evidence of some extension
into the white matter, and juxtacortical (JC) lesion
that was mainly subcortical abutting the cortical gray
matter [21]. After that, a quantitative assessment of
the total MS lesion load in both white and gray mat-
ters was done by manual segmentation of lesions
[22]. Manual segmentation was done lesion by lesion
and slice by slice on DIR sequence on axial slices
using a freehand drawing region of interest (ROI)
method. The application used for ROI drawing en-
ables users to scale the image size and adjust bright-
ness for viewing. After edge detection and contouring
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of each lesion, this segmentation was saved. The total
surface area (SA) of all lesions was calculated; then,
the total lesion load was evaluated (by multiplying
total SA x3mm representing slice thickness and
interslice gaps).

The collected data were coded, processed, and ana-
lyzed using the IBM SPSS statistics (Statistical Package
for Social Sciences) software version 22.0, IBM Corp.,
Armonk, USA, 2013. Qualitative data were presented as
numbers and percentages. A comparison among groups
was done by the Chi-square test. Quantitative data were
tested for normality by the Kolmogorov-Smirnov test.
Normally distributed data were presented as mean + SD.
The Student t-test was used to compare two groups.
Cohen’s kappa (k) was run to determine if there was an
agreement between the two cognitive screening tests
(MoCA and SDMT) on whether 30 MS patients were
exhibiting normal or impaired cognitive function. Values
less than 0.40 are indicative of a fair agreement, values
between 0.41 and 0.60 indicate a moderate agreement,
values between 0.61 and 0.80 indicate a good agreement,
and values greater than 0.80 indicate a very good agree-
ment to examine the degree of inter-observer correlation
on MRI data; correlation analysis was used to produce
inter-observer correlations. Values less than 0.5 are indi-
cative of poor correlation, values between 0.5 and 0.75
indicate moderate correlation, values between 0.75 and
0.9 indicate good correlation, and values greater than
0.90 indicate an excellent correlation. MRI data collected
by observer 2 was used in the correlational analysis. The
Welch ANOVA test was used to compare the mean CL
number with different cognitive status assessed by
MoCA. A multivariate backward linear regression ana-
lysis was used to detect independent predictors of
MoCA and SDMT. A p-value of less than 0.05 was con-
sidered statistically significant.

Results

Patients in this study were relapsing-remitting (RR) MS
patients (23) and secondary progressive (SP) MS patients
(7). The mean and standard deviation (SD) of the disease
duration was 5.3 + 3.2. The mean and SD of EDSS was
3.1 + 1.5. As regards cognitive screening tests, the mean
and SD of scores of the MoCA and the SDMT were 23.5
+ 3.8 and 8.2 + 2.6, respectively (Table 1). Moreover,
there was a moderate agreement between the MoCA
and the SDMT on cognitive screening for MS patients, x
= 0.553 (95% CI, 0.294 to 0.812), p = 0.001. Thus, both
tests have agreed on 10 MS patients having intact cogni-
tion and 13 MS patients exhibiting cognitive impair-
ment. However, 7 MS patients were diagnosed
cognitively impaired using MoCA while they normally
scored by SDMT. Therefore, the cases diagnosed cogni-
tively intact by MoCA test also were diagnosed the same
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Table 1 Clinical characteristics of the studied patients

Number %

Ambulation

Ambulant (EDSS @ =0-4.5) 23 76.7

Ambulatory problems (EDSS 2 5) 7 233
MoCA °

Intact cognition 3 10

Impaired cognition 27 90
SDMT ©

Intact cognition 17 56.7

Impaired cognition 13 433

“Expanded disability status scale
PMontreal Cognitive Assessment
“Symbol Digit Modality Test

by SDMT. Among the 20 MS patients with impaired
cognitive function, there were 4 of them diagnosed with
dementia by MoCA. However, on using the SDMT, one
of them had a score of 5 while the other three patients
had a score of 6. Besides, the remaining sixteen patients
had mild cognitive impairment by MoCA; however, on
using the SDMT, one of them had a score of 5, eight pa-
tients obtained a score of 6, while the remaining seven
patients had normal scores. Regarding DIR findings, the
total number of cortical lesions assessed by both ob-
servers was (544, 633 respectively) associated with an ex-
cellent inter-observer correlation (r = 0.96; p = 0.001).
The most common type of cortical lesions noted by both
observers presented in Fig. 1 is JC followed by IC then
LC with an excellent inter-observer correlation (r = 0.94;
p =0.001). Moreover, the most common shape of cortical
lesions presented in Fig. 2 is oval followed by wedge
then curvilinear shaped with good inter-observer correl-
ation (r =0.77; p =0.001) (Table 2). The mean of total le-
sion load detected by both observers presented in Fig. 3
is 10.82 and 10.93ml respectively with an excellent
inter-observer correlation (r = 0.95; p =0.001). Only 20%
of our patients had a high total lesion load as assessed
by two observers. Regarding the correlation of cognitive
tests with other patient variables, MoCA showed a posi-
tively significant correlation with the disease duration
and EDSS. Also, there was an inversely significant cor-
relation detected between the MoCA test and MRI vari-
ables involving the number of cortical lesions, different
cortical lesion shapes, various subtypes of cortical le-
sions, and the assessed total lesion load (Table 3). SPMS
patients were cognitively impaired (mean + SD=19 +
4.9) more severe than RRMS patients (mean + SD=24.9
+ 1.8) with significant value (p = 0.019). As regard to dif-
ferent cognitive status assessed by MoCA, there was no
statistically significant difference in mean CL numbers
between dementia (mean + SD, 44.8 + 16.3) versus MCI
(mean + SD, 23.6+ 17.4) patients. However, the mean
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Fig. 1 Axial DIR images showing cortical lesions location: a Intracortical lesion in the right temporal region. b Two leukocortical lesions in the
right and left frontoparietal regions. ¢ Juxtacortical lesions in the right prefrontal regions

CL number was statistically significantly higher for de-
mentia as well as MCI versus cognitively normal (mean
+ SD, 7.7 + 5.5) patients (Welch F = 13.3, p = 0.004)
(Fig. 4). As well, SDMT showed a significant inverse cor-
relation with EDSS. However, there was no significant
correlation with the disease duration. Moreover, there
was an inverse correlation between the SDMT and MRI
variables involving the number of cortical lesions, differ-
ent cortical lesion shapes, various subtypes of cortical le-
sions, and the assessed total lesion load (Table 3). SPMS
patients had impaired cognition (mean + SD=6.3 + 1.3)
more severe than RRMS patients (mean + SD =8.7 +
2.7) with significant value (p =0.003). On multivariate
analysis, only the wedge-shaped cortical lesion is the in-
dependent predictor for MoCA (p = 0.006). However,
both Curvilinear and oval-shaped lesions were independ-
ent predictors for SDMT (p =0.006, 0.004 respectively).

Discussion

Although there is large evidence from the literature that
cortical pathology is correlated with disability and cogni-
tion, cognitive dysfunction is still not included in the
routine clinical assessment of MS patients. Recently, MS

treatment goals have become more ambitious aiming at
“no evidence of disease activity” (NEDA). Optimally,
NEDA must incorporate measures that reflect inflamma-
tory and degenerative components of MS and factors
that reflect disease impact including cognitive impair-
ment. Thus, it is practically very important to monitor
cortical involvement in MS patients during their routine
follow-up assessment. In this study, it was found that
the sensitivity of the MoCA test in the detection of cog-
nitive deficit in MS patients (66.7%) was higher than that
of SDMT (43.3%). This could be explained as the MoCA
test that reflects cognitive functioning more broadly
across multiple domains while SDMT is used to assess
only one domain (information processing speed) which
is not specifically measured by the MoCA. Besides, a
previous large-scale study recommended that it was bet-
ter to combine both MoCA and SDMT scales in the
cognitive assessment of MS patients [10]. Interestingly,
we found an excellent inter-observer correlation of num-
ber, subtypes, and both curvilinear and oval shapes of
the cortical lesions and total lesion load indicating reli-
ability and accuracy of the DIR sequence. Two compara-
tive previous studies confirmed the superiority of DIR to
conventional sequences (FLAIR and T2) in the detection

Fig. 2 Axial DIR images showing cortical lesion morphology: a Oval-shaped cortical lesion in the left frontal region. b Two curvilinear-shaped
cortical lesions in the right frontoparietal and left frontal regions. ¢ A wedge-shaped cortical lesion in the right frontal region
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Table 2 MRI (DIR sequence) findings of the studied group as
noted by both observers

Observer 1 Observer 2

n of lesions (%) n of lesions (%)

Cortical lesion subtype

Ic@ 181 (33.5) 225 (35.5)

Lc® 177 (32.5) 172 (27.2)

ce 186 (34.2) 236 (37.3)
Cortical lesion shape

Curvilinear 57(10.5) 77 (12.2)

Oval 264 (48.5) 313 (494)

Wedge 223 (41) 243 (384)

ZIntracortical
BLeukocortical
Juxtacortical

of cortical and also white matter lesions in MS. DIR
showed significantly higher lesion load in both supra-
and infratentorial locations [23, 24]. The total number of
cortical lesions assessed in this study was negatively cor-
related with scores of cognitive assessment tests. A re-
cent similar study has reported a strong significant
correlation between cortical lesion numbers detected by
DIR and poor performance on cognitive assessment tests
[25]. Moreover, a study of a total of 39 MS patients re-
vealed that the severity of cognitive impairment was
negatively correlated with EDSS and cortical lesion num-
bers [26].

The most common type of cortical lesions noted by
both observers in the current research was JC followed
by IC then LC. We found that LC lesions were signifi-
cantly correlated with cognitive scores of either MoCA
or SDMT. Besides, previous studies reported that LC le-
sions have a strong impact on cognition, maybe due to
disruption of subcortical U fibers and thus impaired re-
gional cortico-subcortical connectivity [26, 27]. The
most common shape of 633 cortical lesions observed in
our study using DIR was oval 49.4% followed by wedge
38.4% then curvilinear 12.2%. Although all cortical lesion
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shapes were significantly correlated with cognitive scores
of either MoCA or SDMT, we found that oval-shaped
lesions were slightly highly significant than other types.
Moreover, on multivariate analysis, the only wedge-
shaped cortical lesion was considered an independent
predictor for MoCA while both curvilinear and oval-
shaped lesions were considered as independent predic-
tors for SDMT. However, one previous study reported
that using DIR, 765 CGM lesions were initially classified
as 86.9% oval, 7.7% curvilinear, and 5.3% wedge-shaped.
While using phase-sensitive inversion recovery (PSIR), a
high number of both oval and wedge-shaped lesions
were reclassified into the curvilinear shape. Thus, curvi-
linear lesions were identified in 7.7% of MS patients
using DIR, and 23.6% of them using PSIR in that study.
So, they recommended that it was important to identify
the shape of cortical lesions and suggested that curvilin-
ear lesions were more specific for neuroinflammation
while wedge-shaped lesions were related to vascular-
associated factors [20]. In the current work, the total le-
sion load has been negatively correlated with MoCA and
SDMT cognitive scores. Previous studies detected a
negative correlation between SDMT and the total lesion
load [28, 29]. Moreover, another study assessed the role
of multiple MRI parameters, expressed as a fraction (f)
of intracranial volume as WM-f, GM-f, and abnormal
WM (AWM-f), a measure of lesion load in predicting
long-term cognitive impairment in a cohort of MS pa-
tients; they found that lesion load was the best predictor
of cognitive impairment in MS patients. In particular,
AWM-f was predictive of an impaired SDMT perform-
ance [30]. That was explained by another study that re-
ported a significant correlation between cognitive
impairment in MS and total lesion load using MRI 3.0 T.
As, it improved detection of small lesions missed by the
conventional MRI, particularly those in the periventricu-
lar white matter, cortical, or juxtacortical areas [31]. The
latter study suggested that these lesions could result in
cortical-subcortical circuit disconnection involved in
complex  cognitive  functions. = However, WM

24:156.1 mm2

'y

Fig. 3 Axial DIR images showing contouring and segmentation method of MS plaques for calculation of total lesion load

3:79:6 mm2

22148 w2,

4126 mm2
S
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Table 3 Correlation between MoCA and SDMT and other patients’ variables
MoCA * SDMT P
r p r p
Duration (years) - 064 0.001 — 031 0.105
EDSS © - 0.69 0.001 - 046 0.011
Cortical lesion number - 068 0.001 -072 0.001
Cortical lesion subtype
Ic ¢ - 052 0.004 - 063 0.001
Lce - 063 0.001 - 061 0.001
it - 056 0001 - 057 0001
Cortical lesion shape
Curvilinear - 049 0.006 - 059 0.001
Oval - 062 0.001 - 061 0.001
Wedge - 069 0.001 - 046 0.011
Total lesion load - 053 0.002 — 065 0.001

“Montreal cognitive assessment
bSymbol digital modality test
“Expanded disability status scale
dIntracortical

Leukocortical

fJuxtacortical

abnormalities alone cannot fully explain the extent of
clinical symptoms and cognitive impairment in MS. The
importance of white matter lesion location; gray matter
lesions; and cortical and subcortical grey matter brain at-
rophy gives a stronger correlation with the severity of
cognitive impairment [32]. In our study, we used regres-
sion analysis for variables interacting with MoCA as age,
the age of onset, years of education, disease duration,
EDSS, the pattern of cortical lesions, and total lesion
load. We found that the only wedge-shaped cortical le-
sion was considered an independent predictor for

MoCA. However, a previous study used regression ana-
lysis to determine whether age, body mass index (BMI),
EDSS, fatigue, and mood predicted MoCA scores. They
found that only EDSS was uniquely predictive of MoCA
scores [10].

However, there are a few limitations to this study.
First, this study was carried upon a 1.5-Tesla scanner.
Application of the DIR technique on a higher 3-Tesla
scanner combined with other imaging sequences such as
diffusion tensor imaging and phase-sensitive inversion
recovery will improve the results. Second, this study

80

60

40

20

Mean number of cortical lesions (CL)

Normal (=26)

Simple Bar

Mild Cognitive impairment (19-25)
Cognitive function by MOCA
Error Bars: 95% Cl

Fig. 4 Simple bar chart revealing mean CL numbers in different cognitive status assessed by MoCA test

Dementia (<19)
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includes a small number of patients. Further studies are
recommended upon a large scale of patients for more
valid results.

Conclusion

In conclusion, DIR can detect cortical lesions of MS
which were well correlated with cognitive dysfunction as
well as disability progression in these patients. Thus,
DIR is found to be reliable and useful for clinical pur-
poses to suspect cognitive dysfunction in MS patients.
Therefore, we strongly recommend adding a DIR se-
quence in the routine MR protocols of multiple sclerosis,
and we also recommend incorporating the assessment of
cortical involvement and cognition into the essential
items when making treatment decisions in MS patients
especially in this era of the abundance of high efficacy
disease-modifying therapies.
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